Introduction
Volatile substances have long been recognized as the main communication device between plants and animals. These are relatively small molecules (up to 400 u) with the power and functions comparable to human words, and are applied in survival and speciation strategies, attracting pollinators, recruiting help and repelling predators. "Welcome messages" to pollinators are expressed in coded "sentences" composed of several molecules which lure these animals to the flowers by advertising some reward (food and or any other material important for survival or reproduction). Therefore the floral visitors transport pollen from one flower to the other (often promoting cross pollination) unaware of their important role in plant survival or in plant-animal relationships. These chemical substances involved in interspecific chemical communication are generally named allomones.
Any successful plant species has its own chemical strategy to convey messages to the biotic environment. If the plants depend on animal vectors to achieve pollination, they have to link the pollinators survival to their own. Thus, by observing nature one can, in principle, detect the different mutualistic mechanisms, but to understand these, one has to reach the molecular level and decipher the encoded sentences built into the volatile composition and rewards. Orchids use efficient attraction strategies allowing the survival of species by either offering rewards (diacylglycerol in Oncidiinae 1 ) or not rarely, deceiving the pollinators when the flowers are rewardless. 1, 2 Many orchids are "food-frauds", that is, they show flower features (flower shape, fragrances, etc.) that provoke the attraction of food-seeking pollinators 2, 4 . A more elaborate floral strategy is to mimick the fragrance and appearance of female insects. 3, 5, 6, 7 Such fragrances are responsible for long-distance insect attraction. Attracted male insects attempt copulation with the insect-like labellum and, during this behaviour, promote the pollination process. 2, 6, 7, 8 Attempting to decipher orchid floral chemistry and their encoded messages to a specific group of pollinators, we have chosen species growing in the same environment (Atlantic rain forest in the southeastern part of Brazil) that trigger different responses of the ecosystem inhabitants and offer distinct rewards: fragrant oil (Stanhopea lietzeii (Regel) Schltr., S. insignis Frost ex Hooker), pseudopollen (Polystachya estrellensis Rchb. f.), nectar and pollen (Psilochilus modestus Barb. Rodr) and nectar (Epidendrum secundum Jacq. and E. paniculatum Ruiz & Pav.) 1 
Results and Discussion
To study the floral attracting substances we have selected GC/MS as the main analytical tool, by injecting small floral parts using a solid injection device. 10 For the present group of orchids, this methodology was not appropriate due to the detection of large amounts of fatty acids, belonging to the epicuticular components. As alternative methodologies we have probed static headspace and SPME 11 using several fiber coatings (75 um Carboxen-PDMS, 30 um polydimethylsiloxane and 85 um polyacrylate), reaching the conclusion that these methods are not as effective as dynamic trapping with Porapak-Q®. 12, 13 This technique furnished reproducible results and was selected for the present investigation. Stanhopea lietzeii and S. insignis are fragrant oil rewarding orchids which are pollinated by Euglossini, neotropical bees, know for pollinating about 650 orchid species.
14 These bees collect fragrant oils, possibly with the purpose of attracting conspecific males in an aggregation where
In the fragrant oils-producing orchids (Table 1) , the floral fragrance and the floral oil possess the same constituents. Therefore the orchid is ingeniously saving energy by combining the floral attraction and the floral reward in the same product.
The S. lietzeii floral volatile composition is relatively simple (Table 1 ) depicting 9 components arising from the shikimic biosynthetic pathway with benzyl benzoate as the major constituent. Minor constituents, linalool and camphor, are derived from the isoprenoid biosynthetic pathway. Indol was the second major constituent and the only nitrogen containing compound. Benzyl benzoate is present in several species of Stanhopea and other Orchidaceae floral volatiles. 15, 16 Field observations revealed that Euglossa cordata, Euglosa annectans e Eufriesea aff. pulchra were floral visitors of S. lietzeii but only Eufriesea aff. pulchra was able to achieve pollination. Chemistry is certainly responsible for the attraction of these Euglossini bees (males), triggering searching behavior and causing aggregation. It is not evident whether attraction arises from one pure compound or from the mixture. Ackerman observed that Euglossini Eufriesea aff. pulchra were attracted by methyl benzoate and linalool 14 . The behavioural influence of this component might not be unique and other components or the floral "bouquet" might be just as active. Indeed Ackerman used benzyl benzoate in Panamá to attract Eufrisea ornata, Euglossa hemichlora, Euglossa cyanaspis e Exaerete smaragdina 14 . However floral volatile bouquets differ within populations and according to the age of flowers and male bees learn where to search. Therefore, it is difficult to conclude what compound or mixture is indeed attracting the pollinator. Furthermore the Euglossini males do change their odoriferous compound preference from season to season and from place to place. 17 Four components (benzyl alcohol, benzyl acetate, α-cubebene and benzaldehyde), were detected in Stanhopea insignis floral volatiles (Table 1) . Of these the benzyl alcohol is present in 97% relative abundance. Williams & Whitten (1983) have also detected benzyl alcohol as a major component of the Stanhopea impressa Rolfe and Catasetum expansu Reich. F. floral fragrances and both species are pollinated by males of Euglossini bees
Field observations revealed that S. insignis was visited by Eufriesea purpurata and Eulema cingulata but Eufriesea purpurata was the pollinator, as revealed by pollinia removal. Male Eulema cingulata respond to benzyl acetate baits. 14, 17, 18 Finally, both Stanhopea lietzeii and Stanhopea insignis attract few visitors and are highly specific, possessing only one euglossine species as effective pollinator. It is worth pointing out that both species have major components (benzyl alcohol and benzyl benzoate) of analogous biosynthetic pathways.
Changing our focus, we chose the food rewarding orchids Polystachya estrellensis (pseudopollen), Psilochillus modestus (pollen and nectar), Epidendrum secundum (nectar) and E. paniculatum (nectar).
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The species Polystachya estrellensis belong to a genus with about 200 species and the floral fragrance of Poslystachya campyloglossa Rolfe, P. cultriformis (Thouars) Lindl. ex Spreng., P. fallax Kraenzl. and P. mazumbaiensis Cribb & Podzorski were previously studied. 13 Species of
Polystachya possess a dusty deposition on the labelum surface. This dust is known as pseudopollen which is produced by detached cells of trichomes. These cells are rich in nutritious substances that are collected by bees. 19 The trapped floral volatiles are mostly (95%) composed of monoterpenes (β-myrcene, trans-β-ocimene, linalool and geranial) and sesquiterpenes (α-copaene and δ-cadinene). The monoterpenes are responsible for 85% of the total amount of the fragrance mixture (Table1). This and the pseudopollen, ascertain pollinator visits, among which Trigona spinipes was most effective in carrying pollinia from and to the visited flowers.
Most pollen-rewarding flowers possess a fragrance composed of geranial, linalool and trans-β-ocimene 20, 21 and are visited and frequently pollinated by pollen collecting insects. Among these, Apis mellifera (Apidae) is worth mentioning for its economical importance and also due to the similarity between the fragrances of the visited flower and the Apis own odor, secreted by pheromonal glands (geranial , neral Z, (E,E)-farnesol, nerol, E-nerolic acid and E-geranic acid). 22, 23 Thus the P. estrellensis strategy of offering pseudopollen and possessing a fragrance similar to pollen-rewarding flowers is another example of mimicking a successful pollination mechanism and attracting pollen-collecting bees.
The presence of linalool in Polystachya estrellensis fragrances (Table 1 ) might have attracted eventual euglossini visitors but this never occurred, notwithstanding the abundance of euglossini in the environment.
Psilochilus, the third orchid genus we selected to study, possesses seven terrestrian native species growing in the Atlantic rain forest of southeastern part of Brazil. 24 They offer pollen and nectar as rewards and are visited by pollen-collecting bees belonging to the genus Plebeia (Plebeia droryana) and Trigona (Trigona spinipes). The Psilochilus modestus flower fragrance is mainly composed of aromatic compounds like benzyl alcohol and benzyl tiglate (46%) (Table1). The remaining constituents are isoprenoids like 6-methyl-5-hepten-2-one (an irregular isoprenoid), geranyl acetone (oxygenated terpene), γ-cadinene, α-ylangene (sesquiterpenes) and nerolidol (oxygenated sesquiterpene). Some of the fragrance constituents, like 6-methyl-5-hepten-2-one, geranyl acetone and benzyl alcohol, detected in Psylochyllus modestus, are also present in other floral volatiles of pollen rewarding flowers, eg Papaver rhoeas L. 24 and Rosa rugosa Thunb. The major constituent of the Rosa rugosa pollen fragrance is geranyl acetone. 20 To conclude that any of these constituents are signaling pollen presence and are attracting pollen-collecting bees requires further experiments. Moths, butterflies and birds, mainly pollinate Epidendrum, a genus of about 1000 species, therefore distinct from the previous examples.
The floral fragrances of Epidendrum ciliare L., E. nocturnum Jacq., E. lacertinum Lindland. E. aromaticum 13 were studied but, in general, the floral fragrance is weak to human perception.
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DeVries & Stiles 25 suggested the presence of pyrrolizidinic alkaloids in E. paniculatum flowers.
These results were not observed in previous analyses of several other Epidendrum species, including E. floribundum (E. paniculatum synonym) 26 We have investigated two species, Epidendrum paniculatum and Epidendrum secundum. The floral extracts did not reveal the presence of alkaloids by using thin layer chromatography and specific dyeing reagents (Dragendorff, Meyer and Wagner), following the protocol indicated by Ugaz. 27 The floral fragrance of Epidendrum paniculatum was trapped and analyzed revealing the presence of monoterpenes containing oxygen and sesquiterpenes having no oxygen. The same was true for the floral volatile constituents of Epidendrum secundum, which is mainly constituted by sesquiterpenes non-oxygenated. Trapping the floral fragrance of E. secundum was not an easy task and several attempts were necessary before any results were achieved. The trapping time had to last 21 hr to allow constituent detection (Table 1 ). Daily floral visitor were daily lepidoptera and Bombus bees. Of these the diurnal lepidoptera, Hesperiidae, were the main pollinators, interested in collecting nectar from E. secundum. The floral scents of these two species share the constituents but they are very different in floral signaling abundances, E. secundum emits a very weak odor but is colorful (pink) therefore attracting butterflies that are color as well as scent oriented insects 28 . To overcome its colorless features (white) E. paniculatum emits a strong scent to be able to attract pollinators (butterflies).
To make definite conclusions about the floral scent role in signaling butterflies and bees is a complex matter and to assign a specific compound or a specific class of compounds to a specific group of pollinators seems a difficult task. From our results we could conclude that terpenes in general and linalool might be responsible for attracting butterflies to E. secundum and E. paniculatum. Our results are supported by previous investigation 29 on floral fragrances of 22 butterfly pollinated species (13 plant families, with orchids among them) suggesting that linalool and its derivatives are responsible for the attraction of American butterflies, a preference that is switched to benzenoids with Europe butterflies. Therefore the " pollination syndromes" or the suites of floral scent adaptation to different groups of pollinators is not a well defined matter and, in most cases, the "bouquet" is responsible for the attraction and not just one compound or compound class is responsible for the pollination attraction. These as well as floral shapes and colors are responsible for linking plants to a specific group of pollinators. 
Experimental Section

12
Solid injection. With the help of tweezers and scalpel the sepal, petal and labellum from fresh flowers were cut and introduced, one at a time, into the solid injector and analyzed by GC/MS. The a solid injector device was manufactured in our laboratory.
10
Static headspace-solid phase microextraction. Method 1. Into a glass vial possessing two openings, similar to that used in the dynamic headspace experiment was introduced a flower at one end. The other opening was closed with a rubber septum through which the SPME fiber was introduced (75 um Carboxen-PDMS, 30 um polydimethylsiloxane or 85 um polyacrylate -all from Supelco ®). The system was closed for 1 hour. The trapped volatiles were analysed by GC/MS. Method 2. 4 g of freshly collected flowers were deposited in a glass vial of 25 mL containing water (7 ml). The system was closed and maintained under stirring at 50 o C for 30 minutes. The SPME fiber was introduced (75 um Carboxen-PDMS, 30 um polydimethylsiloxane or 85 um polyacrylate) and exposed during 1 hr. and the trapped volatiles were analysed by GC/MS. 
